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GROUND MOTIONS FOR PRELIMINARY DESIGN OF CALIFORNIA HIGH SPEED 
RAIL PROJECT 

Ground motions are provided for all seven zones in the Merced to Bakersfield segments of the 
California High Speed Train Project. The Ground Motion Zone Map defines the limits of these 
zones. This section includes digital formats of the ground motions, developed for preliminary 
design at Operating Basis Earthquake (OBE) and Maximum Considered Earthquake (MCE) 
seismic hazard levels, and the documented plots for these motions. 

Included are the design spectra and seven digitally formatted files of developed ground 
motions for the OBE and MCE seismic design events, respectively. Each file includes seven 
sets of spectrally-matched motions (SMMs). Each SMM set, denoted by a Next Generation 
Attenuation (NGA) Models number (e.g., NGA_no_1208) leading the filename, includes three 
files representing for three components in Horizontal 1 (H1-), Horizontal 2 (H2-), and Vertical 
(V-) directions, respectively. Each of these three files includes the number of data points, time 
interval, two dummy numbers, and the digital formats for acceleration (denoted by accel in units 
of g), velocity (denoted by vel in units of cm/s), and displacement (denoted by dispi in units of 
cm) history. 

The Word files for documented plots, ground motion metrics for selected seed motions 
and SMMs are first listed in a table. These metrics are earthquake name, year of the 
earthquake event, station name, moment magnitude (Mw), and distance (R) for each selected 
seed motion, and peak ground acceleration (PGA), peak ground velocity (PGV), peak ground 
displacement (PGD) in H1-, H2-, and V-directions, respectively, for each SMM. This is followed 
by 21 plates, each of which presents plots of time histories and SMM spectrum plotted against 
design spectrum for one component of the developed ground motions. The NGA number 
appeared in the filename of digital formats also services as a reference (appeared as NGA#) to 
the documented plots of the developed ground motions. In each plate, plots in the left show the 
time histories of acceleration (A), velocity (V), and displacement (D) of SMM. A signed peak 
value is shown at the right of each time history plot. Positive peak value for A, V, or D is located 
above the baseline of the time history, while negative peak value is shown below the baseline. 
In the right plot of each plate, the computed SMM spectrum is plotted against the target 
spectrum. 
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Merced-Fresno Segment, Zone 1 




Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

0.01 

0.2309 

0.1727 

0.0771 

0.0419 

0.2 

0.5413 

0.3164 

0.1809 

0.0951 

0.02 

0.2300 
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0.3 
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0.1185 
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0.1615 
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0.0218 
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0.3693 
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0.1145 

0.0806 
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0.1050 

0.0556 

0.0275 

0.0148 

0.09 

0.4024 

0.4087 

0.1247 

0.0803 

4 

0.0749 

0.0422 

0.0190 

0.0109 

0.1 

0.4220 

0.3977 

0.1313 

0.0808 

5 

0.0606 

0.0346 

0.0147 

0.0085 
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Merced-Fresno Segment, Zone 2 




Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

0.01 

0.2241 

0.1631 

0.0669 

0.0367 

0.2 

0.5230 

0.2884 

0.1572 

0.0836 

0.02 

0.2234 

0.1632 

0.0665 

0.0366 

0.3 

0.4792 

0.2248 

0.1556 

0.0719 

0.03 

0.2333 

0.2048 

0.0695 

0.0436 

0.5 

0.3694 

0.1596 

0.1239 

0.0537 

0.04 

0.2548 

0.2546 

0.0753 

0.0496 

0.75 

0.2874 

0.1300 

0.0939 
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0.05 
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Merced-Fresno Segment, Zone 3 




Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 
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0.1597 

0.1014 
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0.2419 
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0.0418 

0.75 

0.2375 

0.1235 

0.0758 

0.0404 

0.05 

0.2650 

0.2736 

0.0737 

0.0464 

1 

0.1892 

0.1051 

0.0586 

0.0334 

0.065 

0.3103 

0.3259 

0.0847 

0.0536 

2 

0.1031 

0.0662 

0.0275 

0.0181 

0.075 

0.3484 

0.3393 

0.0921 

0.0565 

3 

0.0659 

0.0448 

0.0159 

0.0111 

0.09 

0.3973 

0.3408 

0.1003 
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0.0080 
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Fresno-Bakersfield Segment, Zone 4 




Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

0.01 

0.2498 

0.1868 

0.0761 

0.0407 

0.2 

0.5745 

0.3358 

0.1775 

0.0941 

0.02 

0.2482 

0.1867 

0.0757 

0.0405 
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0.5556 

0.2482 

0.1789 

0.0792 
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0.2613 

0.2408 
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0.0489 
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0.4538 
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0.0854 

0.0563 

0.75 

0.3654 

0.1471 

0.1117 

0.0450 

0.05 

0.3160 

0.3772 

0.0927 

0.0638 

1 

0.2969 

0.1230 

0.0875 

0.0363 

0.065 

0.3655 

0.4567 

0.1056 

0.0747 

2 

0.1677 

0.0795 

0.0421 

0.0199 

0.075 

0.3982 

0.4646 

0.1143 

0.0785 

3 

0.1101 

0.0595 

0.0247 

0.0134 

0.09 

0.4334 

0.4402 

0.1244 

0.0801 

4 

0.0787 

0.0452 

0.0168 

0.0097 

0.1 

0.4542 

0.4280 

0.1310 

0.0819 
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0.0639 

0.0372 

0.0130 

0.0076 
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Fresno-Bakersfield Segment, Zone 5 




■MCEHoriz.-MCE Vert. - QBE Horiz. -- QBE Vert. 


Period, 

T (sec) 

5pectral Acceleration, Sa (g) 

Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

0.01 

0.2810 

0.2102 

0.0848 

0.0500 

0.2 

0.6267 

0.3663 

0.1972 

0.1061 

0.02 

0.2824 

0.2124 

0.0841 

0.0498 

0.3 

0.6091 

0.2721 

0.1976 

0.0875 

0.03 

0.2937 

0.2705 

0.0881 

0.0614 

0.5 

0.5067 

0.1880 

0.1590 

0.0633 

0.04 

0.3195 

0.3422 

0.0955 

0.0727 

0.75 

0.4190 

0.1554 

0.1236 

0.0504 

0.05 

0.3505 

0.4183 

0.1039 

0.0843 

1 

0.3431 

0.1305 

0.0973 

0.0409 

0.065 

0.4017 

0.5019 

0.1186 

0.0994 

2 

0.1959 

0.0850 

0.0463 

0.0223 

0.075 

0.4360 

0.5087 

0.1286 

0.1032 

3 

0.1290 

0.0639 

0.0273 

0.0150 

0.09 

0.4731 

0.4805 

0.1399 

0.1012 

4 

0.0929 

0.0489 

0.0186 

0.0109 

0.1 

0.4953 

0.4667 

0.1472 

0.1008 

5 

0.0762 

0.0407 

0.0145 

0.0086 
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Fresno-Bakersfield Segment, Zone 6 




Period, 

T (sec) 

5pectral Acceleration, 5a (g) 

Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

0.01 

0.3354 

0.2508 

0.0999 

0.0587 

0.2 

0.7398 

0.4324 

0.2272 

0.1259 

0.02 

0.3379 

0.2541 

0.1001 

0.0590 

0.3 

0.7158 

0.3198 

0.2247 

0.0987 

0.03 

0.3515 

0.3238 

0.1040 

0.0717 

0.5 

0.5940 

0.2185 

0.1824 

0.0678 

0.04 

0.3837 

0.4111 

0.1126 

0.0838 

0.75 

0.4852 

0.1775 

0.1414 

0.0536 

0.05 

0.4227 

0.5045 

0.1227 

0.0974 

1 

0.3942 

0.1485 

0.1101 

0.0431 

0.065 

0.4863 

0.6076 

0.1399 

0.1168 

2 

0.2226 

0.0960 

0.0530 

0.0239 

0.075 

0.5286 

0.6167 

0.1516 

0.1240 

3 

0.1479 

0.0728 

0.0311 

0.0160 

0.09 

0.5733 

0.5823 

0.1647 

0.1250 

4 

0.1064 

0.0557 

0.0214 

0.0117 

0.1 

0.5991 

0.5646 

0.1730 

0.1257 

5 

0.0870 

0.0462 

0.0166 

0.0092 
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Fresno-Bakersfield Segment, Zone 7 




MCEHoriz.-MCE Vert. - QBE Horiz. -- QBE Vert. 


Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

Period, 

T (sec) 

Spectral Acceleration, Sa (g) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

MCE (5%, 950 Years) 

OBE (5%, 50 Years) 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

Horizontal 

Vertical 

0.01 

0.3662 

0.2738 

0.1094 

0.0688 

0.2 

0.8105 

0.4737 

0.2478 

0.1361 

0.02 

0.3685 

0.2771 

0.1097 

0.0693 

0.3 

0.7786 

0.3478 

0.2426 

0.1062 

0.03 

0.3840 

0.3538 

0.1141 

0.0856 

0.5 

0.6451 

0.2382 

0.1967 

0.0727 

0.04 

0.4201 

0.4500 

0.1238 

0.1029 

0.75 

0.5202 

0.1914 

0.1519 

0.0572 

0.05 

0.4633 

0.5530 

0.1355 

0.1218 

1 

0.4198 

0.1582 

0.1184 

0.0461 

0.065 

0.5341 

0.6673 

0.1549 

0.1454 

2 

0.2334 

0.0994 

0.0571 

0.0256 

0.075 

0.5810 

0.6779 

0.1681 

0.1511 

3 

0.1543 

0.0748 

0.0338 

0.0173 

0.09 

0.6304 

0.6403 

0.1826 

0.1478 

4 

0.1110 

0.0572 

0.0233 

0.0127 

0.1 

0.6586 

0.6207 

0.1916 

0.1464 

5 

0.0912 

0.0477 

0.0182 

0.0100 
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